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Description 

Technicai Fieid 

The present invention relates to a power source re- 
generative apparatus, and in particular, to a power 
source regenerative apparatus which regenerates In- 
duction electromotive force caused in decelerating a 
motor to a power source. 

Background Art 

In decelerating a motor, the motor is operated as a 
generator, thereby regenerative braking being execut- 
ed. Such an apparatus for controlling the aforesaid re- 
generative braking has been generally known as a pow- 
er source regenerative apparatus. According to a con- 
ventional power source regenerative apparatus, after a 
regenerative current of a certain interphase becomes 
zero, the regenerative current flows Into the next inter- 
phase. 

Fig. 10 is a time chart showing an on/off state of 
transistors of a conventional converter, showing a 
change for every time of transistors TrI through Tr6, 
which corresponds to a change of a supply voltage. (In- 
cidentally, a circuit of the converter is as shown in Fig. 
11.) In Fig. 10. transistors Tr1, Tr3 and Tr5 turn the 
phase Indicative of the maximum potential in three- 
phase (R-phase. S-phase, T-phase) supply voltage to 
an on-state. On the other hand, transistors Tr2. Tr4 and 
Tr6 turn the phase indicative of the minimum potential 
in the aforesaid three-phase supply voltage to an on- 
state. 

More specifically, the transistor TrI becomes an on- 
state in the case where the potential of R-phase is the 
maximum, and an off-state in other cases. Likewise, the 
transistors Tr3 and Tr5 become an on-state in the case 
where the potential of S-phase and T-phase is the max- 
imum, and an off-state in other cases, respectively. Fur- 
ther, the transistor Tr2 becomes an on-state in the case 
where the potential of R-phase is the minimum, and an 
off-state in other cases. Likewise, the transistors Tr4 and 
Tr6 become an on-state in the case where the potential 
of S-phase and T-phase Is the minimum, and an off- 
state in other cases, respectively. 

For example, the potential of R-phase becomes the 
maximum; on the other hand, the potential of S-phase 
becomes the minimum, between time t102 and time 
t103. For this reason, the transistors Tr1 and Tr4 be- 
come an on -state, and other transistors become an off- 
state. Likewise, the potential of R-phase becomes the 
maximum; on the other hand, the potential of T-phase 
becomes the minimum, between time t103 and time 
t104. For this reason, the transistors TrI and Tr6 be- 
come an on-state, and other transistors become an off- 
state. 

In this case, the minimum voltage changes from the 
S-phase to the T-phase at the time t1 03. so that the tran- 
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sister Tr4 becomes an off-state while the transistor Tr6 
becomes an on-state with a delay of a short time At from 
time t103. Such a switching of an on/off state In a tran- 
sistor is executed at each of time tlOl, t102, .... t109. 

5 Figs. 11 through 13 are circuit diagrams showing 
the flow of a conventional regenerative current; Fig. 11 
shows the flow of the regenerative current before the 
phase Is switched. Fig. 1 2 shows the flow of the regen- 
erative current when the phase is switched, and Fig. 13 

10 shows the flow of the regenerative current after the 
phase is switched. In other words. Figs. 11 through 13 
show the flow of the regenerative current between time 
t1 02 and time 1 1 03 In Fig. 1 0, the flow of the regenerative 
current at time t1 03 in Fig. 1 0, and the flow of the regen- 
ts erative current between time t1 03 and time t1 04 in Fig. 
10, respectively. 

First, the circuit configuration of the converter 
shown In Figs. 11 through 13 will be explained below. 
The transistors TrI and Tr2 are connected in series with 

20 each other. More specifically, an emitter terminal of the 
transistor Tr1 and a collector terminal of the transistor 
Tr2 are connected with each other, and this junction 
point is connected to the R-phase of a power source 1 1 
through an inductance. Likewise, an emitter terminal of 

2S the transistor Tr3 and a collector terminal of the transis- 
tor Tr4 are connected with each other, and this junction 
point is connected to the S-phase of the power source 
11 through an inductance. An emitter terminal of the 
transistor Tr5 and a collector terminal of the transistor 

30 Tr6 are connected with each other, and this junction 
point is connected to the T-phase of the power source 
11 through an inductance. 

Transistors TrI and Tr2, Tr3 and Tr4, and Tr5 and 
Tr6, which are connected in series, are further connect- 

3S ed in parallel. More specifically, collector terminals of the 
transistors TrI , Tr3 and Tr5 are connected to each other, 
and a regenerative current limiting resistor R and a di- 
ode D are connected in parallel to the junction point. 
Likewise, emitter terminals of the transistors Tr2, Tr4 

40 and Tr6 are connected with each other, and one terminal 
of a condenser C is connected in parallel to the junction 
point, as in the connection between the transistors TrI 
and Tr2, and the other terminal of the condenser C is 
connected to a junction point between one terminal of 

45 the aforesaid regenerative current limiting resistor R and 
a cathode terminal of the diode D. 

In addition, a diode is connected in parallel to each 
of these transistors TrI through Tr6; for example , a cath- 
ode terminal of a diode D1 is connected to the collector 

so terminal of the transistor TrI. and an anode terminal 
thereof is connected to the emitter temninal of the tran- 
sistor Tr1 . Likewise, diodes D2. D3, D4, D5 and D6 are 
connected in parallel to the transistors Tr2. Tr3, Tr4. Tr5 
and Tr6. respectively. 

ss Next, the flow of the regenerative current at each 
time will be explained below. 

First, a current by induction electromotive force 
caused in decelerating the motor (not shown) flows into 
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both terminals of the aforesaid condenser C; for this rea- 
son, the potential of both terminals of the condenser C 
rises up. At that moment, the potential of one phase in- 
dicative of the maximum potential in three-phase supply 
voltages supplied from the power source 11 becomes 
lower than that of one terminal of the condenser C, and 
the potential of one phase indicative of the minimum po- 
tential in three-phase supply voltages supplied from the 
power source 11 becomes higher than that of the other 
terminal of the condenser C. As a result, a potential dif- 
ference occurs between the supplied three-phase sup- 
ply voltage and the condenser C. Further, transistors are 
turned ON, thereby generating a regenerative current 
flowing into the power source 11 from the condenser C. 
The regenerative current generated by the aforesaid 
phenomenon is hereinafter referred to as "regenerative 
current in decelerating. ° 

In Fig. 11. the regenerative current In decelerating 
flows into the power source 11 as a phase current IR 
through the regenerative current limiting resistor R and 
the transistor TrI. In this case, the potential of the T- 
phase is V^. Further, the regenerative current in decel- 
erating flows into the condenser C as a phase current 
IS through the transistor Tr4 because the potential V3 
of the S-phase is lower than the potential Vj of the T- 
phase, and the transistor Tr4 is tumed on. 

In Fig. 1 2, when a counter electromotive voltage oc- 
curs in an input inductance L by turning the transistor 
Tr4 off. the regenerative current in decelerating flows 
into the power source through the transistor TrI and the 
diode D3. 

In Fig. 13, the regenerative current in decelerating 
flows into the power source 11 as the phase current IR 
through the regenerative current limiting resistor R and 
the transistor TrI . Further, the regenerative current In 
decelerating flows into the motor (not shown) as the 
phase current IT through the transistor TrS because the 
potential Vj of the T-phase is lower than the potential 
Vs of the S-phase, and the transistor TrS is turned on. 

Next, the flow of the regenerative current in switch- 
ing the phase, shown in Fig. 1 2. will be explained below. 

Fig. 1 4 is a circuit diagram showing the convention- 
al flow of the regenerative current in switching the 
phase. In the figure, an inductance LI denotes induct- 
ance of the power source, and an inductance L2 de- 
notes Inductance of the converter. Each of potentials 
VR1 , VS1 and VT1 denote a potential of supply voltage, 
and each of potentials VR2, VS2 and VT2 denote a po- 
tential of other apparatuses connected to the power 
source. Incidentally, the same number is given to the 
same element as that shown in Fig. 12, and an expla- 
nation of the same element is omitted. 

The regenerative current in decelerating flows into 
the transistor TrI as a fty-wheel current IR, IS caused 
by counter electromotive force of inductances Lis and 
L2q, through the diode D3. 

For this reason, the potentials Vr and Vs are in a 
short-circuited state, and they become almost the same 



potential, so that each of them becomes an intermediate 
potential between the potentials VR1 and VS1 . As a re- 
sult, the potential VR2 becomes a potential in which a 
partial pressure is applied to the potentials VR1 and Vp^ 
5 by using Inductances Ll^ and L2f^. and the potential 
VS2 becomes a potential in which a partial pressure is 
applied to the potentials VS1 and V3 by using induct- 
ances Lis ^^s- Therefore, the interphase voltage 
of potentials VR2 and VS2 becomes lower than the orig- 
inal potential, so that a waveform of the power source 
Is distorted. 

Fig. 15 is a time chart of the conventional regener- 
ative current, showing a change of interphase voltage 
and phase currents IT, IR and IS, which corresponds to 
a change of the supply voltage. 

Distortion of the interphase voltage shown in Fig. 
14 appears at each time t151, t152. .... t159 when the 
phase currents IT, IR, and IS decrease. Further, the 
magnitude of distortion of the interphase voltage varies 
in accordance with a ratio of inductances LI and L2. 

For this reason, according to the conventional pow- 
er source regenerative apparatus, there is a problem in 
that interference occurs in various apparatuses which 
are connected to a power source having distortion 
caused by regeneration as described above and which 
use a three-phase timing. In addition, there is a problem 
In that higher harmonics occur in the power source. 

EP-A-314d01 discloses a power source regenera- 
tion circuit in which electric power is regenerated only 
during a predetermined period of time. 

The present invention has been made in view of the 
above problems. Therefore, an object of the present in- 
vention is to provide a power source regenerative appa- 
ratus, which prevents distortion of a voltage regenerat- 
ing to a power source form being generated. 

To solve the above problems, the present invention 
provides a power source regenerative apparatus for re- 
generating induction electromotive force caused in de- 
celerating a motor to a power source, comprising: 

an inverter for transforming induction electromotive 
force caused in th e motor in regenerating the power 
source into a direct current; 
timing adjusting means for outputling a regenera- 
tive signal at a predetermined timing before the po- 
tential of one phase Indicative of the maximum po- 
tential in three-phase supply voltages becomes the 
same potential as that of another phase; and 
a converter for converting the direct current convert- 
ed on the basis of said regenerative signal into an 
alternating current, and regenerates it to said power 
source; characterised in that: 
the regenerative signal turns on at the predeter- 
mined timing, and turns off at the next instant at 
which the potential of one phase indicative of the 
maximum potential becomes the same potential as 
that of another phase. 
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The aforesaid inverter transforms induction electro- 
mottve force caused in regenerating the power source, 
namely in decelerating the motor, into a direct current. 
The aforesaid timing adjusting means outputs a regen- 
erative signal according to claim 1 . Based on the regen- s 
eratfve signal, the aforesaid converter converts the di- 
rect current transformed in regenerating the power 
source into the alternating current, and regenerates it to 
the power source. 

In the drawings: io 

Fig. 1 is a block diagram explaining the principle of 
a power source regenerative apparatus according 
to the present invention; 

Fig. 2 is a circuit diagram of the power source re- is 
generative apparatus; 

Figs. 3(A) and 3(B) are circuit diagrams of the power 
source regenerative apparatus, and Fig. 3(A) 
shows a light-emltting circuit section and Fig. 3(B) 
shows a light-receiving circuit section; 20 
Fig. 4 is a time chart showing an on/off state of each 
transistor; 

Fig. 5 is a circuit diagram showing the flow of a re- 
generative current; 

Fig. 6 is a circuit diagram showing the flow of a re- 2S 
generative current; 

Fig. 7 is a circuit diagram showing the flow of a re- 
generative current; 

Fig. 8 is a circuit diagram showing the flow of a re- 
generative current in switching a phase; 30 
Fig. 9 Is a time chart of the regenerative current; 
Fig. 10 is a time chart showing an on/off state in 
each transistor of a conventional converter; 
Fig. 11 is a circuit diagram showing the flow of a 
conventional regenerative current; 3S 
Fig. 12 is a circuit diagram showing the flow of a 
conventional regenerative current; 
Fig. 13 is a circuit diagram showing the flow of a 
conventional regenerative current; 
Fig. 14 is a circuit diagram showing the flow of a 40 
conventional regenerative current in switching a 
phase; and 

Fig. 15 is a time chart showing a conventional re- 
generative current. 

45 

Best Mode for Carrying Out the Invention 

One embodiment of the present invention will be de- 
scribed below with reference to the drawings. 

Fig. 1 is a block diagram explaining the principle of so 
a power source regenerative apparatus according to the 
present invention. The power source regenerative ap- 
paratus comprises a converter 2. an inverter 3 and tim- 
ing adjusting means 5. The aforesaid converter 2 and 
inverter 3 are interposed between a power source 1 and ss 
a motor 4, and connected in series with each other. The 
aforesaid timing adjusting means 5 inputs three-phase 
supply voltages from the power source 1 . and outputs 



a regenerative signal ST to the converter 2 at a prede- 
termined timing. 

The inverter 3 transforms induction electromotive 
force caused in regenerating the power source, namely 
in decelerating the motor 4. Into a direct current. The 
timing adjusting means 5 outputs the regenerative sig- 
nal ST at a predetermined timing before the potential of 
one phase Indicative of the maximum potential in three- 
phase supply voltages becomes the same potential as 
that of another phase. Based on the regenerative signal 
ST, the converter 2 converts the direct current trans- 
formed in regenerating the power source into an alter- 
nating current, and regenerates it to the power source. 

Figs. 2, 3(A) and 3(B) are circuit diagrams for the 
power source regenerative apparatus, and Fig. 2 shows 
each circuit of the inverter and the converter, and Figs, 
3(A) and 3(B) show a circuit of the timing adjusting 
means, respectively. 

First, the circuit configuration of Fig. 2 will be ex- 
plained below. In the figure, the converter 2 and the in- 
verter 3 are connected In series between a power 
source 11 and a motor 41. In this case, a three-phase 
commercial power source is used as the power source 
1 1 , and a sen^o motor is used as the motor 41 . 

The circuit configuration of the converter 2 will be 
described below. Transistors Tri and Tr2 are connected 
in series with each other More specifically, an emitter 
terminal of the transistor Tri and a collector terminal of 
the transistor Tr2 are connected with each other, and 
the junction point Is connected to the R-phase of the 
power source 11 through an Inductance L. Likewise, an 
emitter terminal of the transistor Tr3 and a collector ter- 
minal of the transistor Tr4 are connected with each oth- 
er, and the junction point is connected to the S-phase of 
the power source 11 through an Inductance L. An emitter 
terminal of the transistor Tr5 and a collector terminal of 
the transistor Tr6 are connected with each other, and 
the junction point is connected to the T-phase of the 
power source 11 through an inductance L. 

Further, transistors Tri and Tr2, Tr3 and Tr4, and 
Tr5 and Tr6, which are connected In series, are connect- 
ed in parallel. i\^ore specifically, collector terminals of 
transistors Tri, Tr3 and Tr5 are connected with each 
other, and one terminal of a regenerative current limiting 
resistor R and an anode terminal of a diode D are con- 
nected to the junction point. Likewise, emitter terminals 
of transistors Tr2, Tr4 and TrS are connected with each 
other. One terminal of a condenser C is connected in 
parallel to the junction point as in the connectbn be- 
tween the transistors Tri and Tr2. and the other terminal 
of the condenser C is connected to the junction point 
between the other terminal of the aforesaid regenerative 
current limiting resistor R and a cathode terminal of the 
diode D. In this case, the condenser C functions as a 
smoothing condenser for preventing a ripple from being 
generated in a current transformed into a direct current 
by the diode. - * 

In addition, a diode is connected in parallel to each 
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of these transistors Tri through Tr6. For example, a 
cathode terminal of a diode D1 is connected to the col- 
lector terminal of the transistor Tri, and an anode ter- 
minal of the diode D1 is connected to the emitter termi- 
nal of the transistor Tr1 . Likewise, diodes 02, D3. D4. 
D5 and D6 are connected in parallel to transistors Tr2, 
Tr3, Tr4, Tr5 and TrS, respectively. Incidentally, base ter- 
minals of these transistors Tri through Tr6 are connect- 
ed to a timing controlling circuit which will be described 
later. 

Next, the circuit configuration of the inverter 3 will 
be explained below. Transistors Tr31 and Tr32 are con- 
nected in series. Specifically, an emitter terminal of the 
transistor Tr31 and a collector terminal of the transistor 
Tr32 are connected, and the junction point is connected 
to the motor 41. Likewise, an emitter terminal of a tran- 
sistor Tr33 and a collector terminal of a transistor Tr34 
are connected, and the junction point is connected to 
the motor 41 . An emitter terminal of a transistor Tr35 
and a collector terminal of a transistor Tr 36 are con- 
nected, and the junction point is connected to the motor 
41. 

In addition, the transistors Tr31 and Tr32, Tr33 and 
Tr34, and Tr35 and Tr36, which are connected in series, 
are connected in parallel. Specifically, the collector ter- 
minals of transistors Tr31 , Tr33 and Tr35 are connected 
with each other, and the junction point is connected with 
the aforesaid other terminal of the condenser C. Like- 
wise, the emitter terminals of transistors Tr32, Tr34 and 
Tr36 are connected with each other, and the junction 
point is connected with the aforesaid one terminal of the 
condenser C. 

Further, a diode is connected in parallel to each of 
these transistors Tr31 through Tr36. For example, a 
cathode terminal of a diode D31 is connected to the col- 
lector terminal of the transistor Tr31 , and an anode ter- 
minal of the diode D31 is connected to the emitter ter- 
minal of the transistor Tr31 . Likewise, diodes D32. D33, 
D34, D35 and D36 are connected in parallel to the tran- 
sistors Tr32, Tr33, Tr34, Tr35 and Tr36, respectively. 

The circuit configuratbn shown in Figs. 3(A) and 3 
(B) will be described below. Fig. 3(A) and Fig. 3(B) show 
a light emitting circuit and a light receiving circuit, re- 
spectively. In Fig. 3(A) and Fig. 3(B), a light emitting di- 
ode D61 and a phototransistor Tr51 constitute one pho- 
tocoupier. More specifically, the light emitting diode D51 
emits light when a forward current flows thereto, and the 
phototransistor Tr51 is turned on when receiving the 
emitted light. Likewise, each of light emitting diodes D52 
to D56 and each of phototransistors Tr52 to Tr56 con- 
stitute one photocoupler. 

in Fig. 3(A), a diode D62 is connected in series to 
a diode D61 . More specifically, a cathode terminal of the 
diode 062 is connected to an anode terminal of the di- 
ode 061. The light emitting diodes D51 and 052 are 
connected in parallel and in the reverse direction to each 
other. Namely, an anode terminal of the light emitting 
diode 052 is connected to a cathode terminal of the light 



emitting diode 051 . and the junction point is connected 
to the junction point between the aforesaid anode ter- 
minal of the diode 061 and the aforesaid cathode ter- 
minal of the diode 062. 
5 Likewise, diodes 064 and 066 are connected in se- 
ries to diodes 063 and 065, respectively. The light emit- 
ting diodes 053 and 054 are connected in parallel and 
in the reverse direction to each other, and the light emit- 
ting diodes 055 and 056 are connected in parallel and 
in the reverse direction to each other. The junction point 
between the cathode terminal of the light emitting diode 

053 and the anode terminal of the light emitting diode 

054 is connected with the junction point between the 
anode terminal of the light emitting diode 063 and the 
cathode terminal of the light emitting diode 064. The 
junction point between the cathode terminal of the light 
emitting diode 055 and the anode terminal of the light 
emitting diode 056 Is connected with the junction point 
between the anode terminal of the light emitting diode 

065 and the cathode terminal of the light emitting diode 
066. 

Further, cathode terminals of the diodes 061, 063 
and 065 are connected to one terminal of a load resistor 
Rx, and anode terminals of the diodes 062. 064 and 

066 are connected to the other terminal of the load re- 
sistor Rx. 

In Fig. 3(B), respective collector terminals of pho- 
totransistors Tr51 through Tr56 are connected to a con- 
stant-voltage source Vcc. and further connected to a 
timing control circuit 51 . The timing control circuit 51 out- 
puts a regenerative signal ST while monitoring a regen- 
erative current which will be described later. The regen- 
erative signal ST outputted from the timing control circuit 
51 Is supplied to a base terminal of each corresponding 
transistor shown in Fig. 2 through terminals T1 . T2, T3. 
T4. T5 and T6. 

Therefore, for example, the light emitting diode 051 
shown in Fig. 3(A) emits light when a forward current 
flows thereto, thereby the phototransistor Tr51 being 
turned on. For this reason, a voltage of the collector ter- 
minal of the phototransistor Tr51 becomes almost 0 [V], 
and the potential thereof is transmitted to the timing con- 
trol circuit 51 as a signal. As described above, the timing 
control circuit 51 detects timing of the supply voltage 
supplied from the power source 11 . and outputs the re- 
generative signal ST at a predetermined timing which 
will be described later. 

The operation of a power source regenerative ap- 
paratus according to the present invention will be de- 
scribed below. 

Fig. 4 is a time chart showing an on/off state of each 
transistor, showing a change at each time of respective 
transistors Tri through TrS, which corresponds to a 
change of the supply voltage. 

In the figure, each of the transistors Tri . Tr3 and TrS 
is used as a transistor which becomes an on-state by 
selecting the phase indicative of the maximum potential 
in three-phase (R-phase. S-phase. T-phase) supply 



IS 



20 



2S 



30 



35 



40 



45 



SO 



iNSDOCiD: <EP ^060650181 J.> 



5 



BNS page 5 



9 

voltage; on the other hand, each of the transistors Tr2, 
Tr4 and Tr6 is used as a transistor which becomes an 
on-state by selecting the phase indicative of the mini- 
mum potential in three-phase supply voltage. 

More specifically, the transistor Tri becomes an on- 
state in the case where the potential of R-phase Is the 
maximum, and an off-state in other cases. Likewise, the 
transistors Tr3 and Tr5 become an on-state in the case 
where each potential of S-phase £md T-phase is the 
maximum, and an off-state In other cases, respectively. 
In addition, the transistor Tr2 becomes an on-state in 
the case where the potential of R-phase is the minimum, 
and an off-state in other cases. Likewise, the transistors 
Tr4 and Tr6 become an on-state in the case where each 
potential of S-phase and T-phase Is the minimum, and 
an off-state in other cases, respectively. 

For example, the potential of R-phase becomes the 
maximum, and the potential of S-phase becomes the 
minimum, between time t44 and time t46; therefore, 
transistors Tri and Tr4 become an on-state, and other 
transistors become an off-state. Likewise, the potential 
of R-phase becomes the maximum, and the potential of 
T-phase becomes the minimum, between time t46 and 
time t46; therefore, the transistors Tri and Tr6 become 
an on-state, and other transistors become an off-state. 

In this case, the minimum potential changes from 
the S-phase to the T-phase at the time t46. so that the 
transistor Tr6 is turned on at the time t45, and turned off 
at the time t46. Likewise, the maximum potential chang- 
es from the R-phase to the S-phase at the time t48, so 
that the transistor Tr3 is turned on at the time t47, and 
the transistor Tri Is turned off at the time t48. As de- 
scribed above, transistors are turned on or off at each 
timeof t41, t42, t58. 

Incidentally, the intervals from time t41 to time t42, 
from time t43 to time t44, from time t57 to time t58, 
are the same, and varied in accordance with the induct- 
ance of a power source and an inductance L. 

Figs. 5 through 7 are circuit diagrams showing the 
flow of regenerative current, showing the flow of a re- 
generative current in a power source and a converter. 
Figs. 5, 6 and 7 show the flow of the regenerative current 
before the phase is switched, the flow of the regenera- 
tive when the phase is switched, and the flow of the re- 
generative current after the phase is switched, respec- 
tively. iVIore specifically, Figs. 5, 6 and 7 show the flow 
of the regenerative current between time t44 and time 
t45 in Fig. 4, the flow of the regenerative current be- 
tween time t45 and time t46 in Fig. 4, and the flow of the 
regenerative current between time t46 and time t47 in 
Fig. 4, respectively. 

The flow of the regenerative current at each time 
will be described below. 

First, a current by induction electromotive force 
caused in decelerating the motor (not shown) flows into 
both terminals of the aforesaid condenser C, so that the 
potential of both terminals of the condenser C rises up. 
At this moment, the potential of one phase indicative of 



10 

the maximum potential in three-phase supply voltages 
supplied from the power source 11 becomes lower than 
that of one terminal of the condenser C, and the potential 
of one phase indicative of the minimum potential In 

s three-phase supply voltages becomes higher than that 
of the other terminal of the condenser C. Therefore, a 
potential difference occurs between the supplied three- 
phase supply voltage and the condenser C. so that a 
regenerative current which flows to the power source 11 

10 from the condenser C is generated. The regenerative 
current generated by the foregoing phenomenon is 
hereinafter referred to as "regenerative current in decel- 
erating." 

In Fig. 5, the regenerative current in decelerating 

IS flows into the power source 11 as the phase current IR 
through the regenerative current limiting resistor R and 
the transistor Tri . Incidentally, the potential of T-phase 
at this moment is Vj. Further, the regenerative current 
in decelerating flows into the condenser C as the phase 

20 current I S th rough the transistor Tr4 because the poten- 
tial Vs of S-phase is lower than the potential Vj of T- 
phase. and the transistor Tr4 is turned on. 

In Fig. 6, the regenerative current in decelerating 
flows into the power source 11 as the phase current IR 

25 through the regenerative current limiting resistor R and 
the transistor Tri. Further, the regenerative current in 
decelerating fiows into the motor (not shown) as the 
phase current IS through the transistor Tr4, and flows 
into the motor (not shown) as the phase current IT 

30 through the transistor Tr6. 

In Fig. 7, the regenerative current in decelerating 
flows into the power source 11 as the phase cun-ent IR 
through the regenerative current limiting resistor R and 
the transistor Tri . Further, the regenerative current in 

35 decelerating flows into the motor (not shown) as the 
phase current IT through the transistor Tr6 because the 
potential of T-phase is lower than the potential Vs of 
S-phase, and the transistor Tr6 is turned on. 

Fig. 8 is a circuit diagram showing the flow of a re- 

40 generative current when the phase is switched. In the 
figure, inductances Li and L2 show inductance of the 
power source, and inductance of the converter 2, re- 
spectively. In addition, potentials VR1, VS1 and VT1 
show the potential of the supply voltage, and potentials 

45 VR2, VS2 and VT2 show the potential of other appara- 
tuses connected to the supply voltage. Incidentally, the 
same number is given to the same element as that in 
Fig. 6. and an explanation of the element is omitted. 
The regenerative current in decelerating flows into 

50 the power source 11 as the phase current IR through 
the regenerative current limiting resistor R and the tran- 
sistor Tri . Further, the regenerative current in deceler- 
ating flows into the motor (not shown) as the phase cur- 
rent I S through the transistor Tr4, and flows into the mo- 

55 tor (not shown) as the phase current ITthrough the tran- 
sistor Tr6. In other words, a voltage reverse to the cur- 
rent direction is applied to the inductances LI 3 and L2s; 
for this reason, the phase current IS decreases. There- 
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fore, if the tinning adjusting means 5 outputs a regener- 
ative signal ST so as to turn the transistor Tr4 off when 
the phase current IS becomes zero, no fly-wheel current 
flows, and It is possible to prevent distortion of a voltage 
generating in the power source from being caused. 

Fig. 9 is a time chart of the regenerative current, 
showing a change at each time of interphase voltage 
and phase currents IT, IR and IS, which corresponds to 
a change of the supply voltage. 

The aforesaid timing adjusting means 5 outputs a 
regenerative signal ST at the following timing. Namely, 
the regenerative signal ST is outputted so that when the 
potential of one phase indicative of the maximum poten- 
tial in three-phase supply voltage becomes the same 
potential as that of another phase, the phase current of 
the aforesaid one phase indicative of the maximum po- 
tential becomes zero. 

More specifically, for example, the R-phase Is indic- 
ative of the maximum voltage In three phases between 
time t91 and time t93. The potentials of the R-phase and 
the S-phase become equal at the time t93. Therefore, 
the regenerative current ST may be outputted so that 
the phase current IR which is a current having the same 
phase as the phase indicative of the maximum potential 
becomes 0 [A] at the time t93. 

Although a servo motor is used as the motor 41 , 
other three-phase AC motor such as aspindle motor can 
be also used. 

As described above, according to the present in- 
vention, the Inverter transforms induction electromotive 
force caused in regenerating the power source, namely 
in decelerating the motor, into a direct current, the timing 
adjusting means outputs a regenerative signal at a pre- 
determined timing, and the converter converts the trans- 
formed direct current into an alternating current without 
causing a fly-wheel cun-ent, and further regenerates it 
to the power source. Therefore, it is possible to prevent 
distortion of a voltage regenerating In the power source 
from being caused, and no harmonic occurs in the pow- 
er source. 



Claims 

1. A power source regenerative apparatus for regen- 
erating inductbn electromotive force caused in de- 
celeiatlng a motor to a power source, comprising: 



converted on the basis of said regenerative sig- 
nal into an alternating current, and regenerat- 
ing it to said power source; characterised in 
that: 

5 the regenerative signal turns on at the prede- 

termined timing, and turns off at the next instant 
at which the potential of one phase indicative 
of the maximum potential becomes the same 
potential as that of another phase. 

10 

Patentansprucho 

1. Einrichtung zur Ruckspeisung von beim Verzogem 
IS eines iS/iotors anfallender induktiver elektromotori- 
scher Energie In eine Energiequelle. 

mit einem Inverter (3) zum Umformen von in 
dem Motor anfallender induktiver elektromoto- 

20 rischer Energie in Gleichstrom zum Ruckspei- 

sen in die Energiequelle. Zeltelnstellmitteln (5) 
zur Ausgabe eines Ruckspeisesignals in einem 
vorbestimmten Zeitpunkt, bevor eine die Maxi- 
malspannung der dreiphasigen Speisespan- 

25 nungen anzeigende Spannung in einer Phase 

die gleiche Spannung wie die einer anderen 
Phase annimmt, und 

mit einem Konverter (2) zum Umformen des 
aufgrund des Ruckspeisesignals umgeformten 
30 Gleichstroms in Wechselstrom und zum Ruck- 

speisen des Wechselstroms in die Energie- 
quelle. 

dadurch gekennzeichnet, da3 das Ruckspeisesi- 
35 gnal in dem vorbestimmten Zeitpunkt eingeschaltet 
und im nachstfolgenden Augenblick ausgeschaltet 
wird, in dem die die Maximalspannung anzeigende 
Spannung der einen Phase die gleiche Spannung 
wie die einer anderen Phase annimmt. 

40 

Revendications 

1. Apparell de r6cupdratk>n d'^nergie, pour renvoyer 
45 ^ une source d'dnergie une force Slectromotrlce 
d'induction produite lorsde laddcdidration d'un mo- 
teur, comportant: 

un inverseur (3) pour transformer en courant 
continu une force 6lectromotrice d'induction 
produite dans le moteur lore de la rScupdration 
d'energie; 

un moyen d'ajustement temporel (5) pour ddli- 
vrer un signal de rdcup^ration k un instant prd- 
d^termind avant que le potentiel d'une phase 
qui reprdsente le potentiel maximal de tensions 
d'une alimentation triphas6e atteigne le m§me 
potentiel que ceiui d'une autre phase; et 



an Inverter (3) for transforming induction elec- 
tromotive force caused in the motor in regener- so 
atlng the power source into a direct current; 
timing adjusting means (5) for outputting a re- 
generative signal at a predetermined timing be- 
fore the potential of one phase indicative of the 
maximum potential in three-phase supply volt- ss 
ages becomes the same potential as that of an- 
other phase; and 

a converter (2) for converting the direct current 
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un convertisseur (2) pour convertir en un cou- 
rant altematif, le courant continu convert! sur 
base dudit signal de rdcupdration, et le ren- 
voyer dans ladite source tfdnergie; caractdrisd 
en ce que: 

le signal de rdcupdratlon s'active d I'instant pr6- 
ddtermind, et se d^sactive ^ I'instant suivant 
auquel le potentiel d'une phase qui reprdsente 
le potentiel maximal atteint le mdme potentiel 
que celui d'une autre phase. 
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FIG. 6 
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FIG. 11 
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